Summary In 50 Helicobacterpylori-infected gastric carcinoma patients the corpus gastritis was significantly higher than in matched H. pyloripositive control subjects (P < 0.01). Atrophy and intestinal metaplasia (IM) occurred significantly more often in the antrum of carcinoma patients (P < 0.01). The odds ratio for gastric carcinoma was 8.85 for high-grade corpus gastritis and 8.04 when atrophy in the antrum was present.
H. pylori-infected subjects have an increased risk of gastric cancer (Nomura et al, 1991; Parsonnet et al, 1991; Eurogast Study Group, 1993) . However, only a few of them will actually develop gastric carcinoma later in life. Besides environmental, nutritional and sociocultural factors (Correa, 1991; Nomura et al, 1993) , the expression of H. pylori gastritis itself might contribute to the risk of developing gastric cancer. This study aimed to characterize the expression of gastritis in H. pylori gastritis patients who developed gastric carcinoma and those who did not.
PATIENTS AND METHODS
Fifty patients (25 male, 25 female, mean age 60.1 years) with gastric carcinoma located in the distal two-thirds of the stomach who were H. pylori positive on histology and serology were included. To each patient a H. pylori-positive subject was matched by age and gender. Among these subjects patients with current or previous peptic ulcer disease, gastric malignancies or any other malignancies were excluded as control subjects in this study. General exclusion criteria for both groups were treatment with bismuth compounds, antibiotics or proton pump inhibitors during the 4 weeks immediately before endoscopy, as well as previous gastric surgery.
On endoscopy two biopsies from the antrum, one from the anterior, one from the posterior wall within 2-5 cm of the pyloric channel and two from the lower and middle third of the greater curvature were obtained for histological examination. In gastric carcinoma patients all biopsy specimens were obtained at least 5 cm distant from the tumour. An additional 6-8 biopsy specimens were obtained from the tumour.
All mucosal specimens were stained with haematoxylin and eosin to grade the gastritis and with the Warthin-Starry stain to grade the mucosal colonization by H. pylori, in accordance with the Sydney System (Price 1991) , but slightly modified as described elsewhere (Bayerdorffer et al, 1992; Stolte et al, 1995) using a semiquantitative scale (grade 0-4). Intestinal metaplasia (IM) and lymphoid follicles (LFs) were judged as present or absent. The pathologist was blinded to the source of the antral and corpus biopsy specimens. Gastric carcinomas were classified histologically in accordance with Lauren (1965) and the WHO classification.
Statistical calculations were performed using the statistical software package SPSS/PC+5.0 (SPSS, Chicago, IL, USA). The study was approved by the ethics committee of the University of Munich.
RESULTS
The frequency of the main histological tumour types and tumour stages are shown in Table 1 . The grade of H. pylori colonization showed no difference between carcinoma patients and control subjects in either antrum or corpus. The grade and activity of gastritis in the antrum was similar in both groups, but was significantly higher in the corpus of carcinoma patients ( Tumours were classified in accordance with the criteria of Lauren (1965) . Staging was not possible in 12 patients who were too ill for surgery. (Bayerdorffer et al, 1992; Stolte et al, 1995) . NS, not significant (P > 0.05).
1). Focal atrophy was significantly more common in the antrum and corpus of carcinoma patients. Lymphoid follicles were detected with equal frequency in the antrum of carcinoma patients and control subjects, but significantly more frequently in the corpus of carcinoma patients. IM was equally present in the corpus of carcinoma patients and control subjects, but significantly higher in the antrum of carcinoma patients than in control subjects. On the basis of these findings the odds ratios were calculated for the relative risk of gastric carcinoma when the expression of a given parameter was either high grade or present at all. Expression of high-grade gastritis in the corpus means an 8.85-fold higher risk for gastric carcinoma, and high-grade activity in the corpus a 5.2-fold higher risk, whereas the expression of high-grade regenerative epithelium means a 13. 1-fold higher risk for gastric carcinoma. Occurrence of focal atrophy or IM in the antrum means an 8-fold or 3.5-fold higher risk for gastric carcinoma respectively. The occurrence of lymphoid follicles in the corpus is associated with a 7.4-fold higher risk for gastric carcinoma.
DISCUSSION
Evidence from epidemiological studies suggests a relative risk for subsequent development of gastric carcinoma of 3-6 in H. pyloriinfected persons (Nomura et al, 1991; Parsonnet et al, 1991; Eurogast Study Group, 1993) . The impracticability of preventive treatment of all H. pylori-infected individuals implies an urgent need to identify patients who are at increased risk for the development of gastric carcinoma. In addition to environmental, nutritional and sociocultural factors (Nomura et al, 1993; Sipponen, 1994) , we hypothesize that the course and expression of H. pylori gastritis itself may contribute to the risk of gastric carcinoma.
A human model of gastric carcinogenesis proposed by Correa (1988) (Correa et al, 1990b) . This IM incidence is significantly higher than that in German patients, in whom we found only 28% in H. pylori-infected subjects, and only 5% in uninfected subjects (Bayerdorffer et al, 1992) . Similar observations have been made by other investigators (Eidt and Stolte, 1994; Kuipers et al, 1995) . However, as IM was more common in H. pylori-infected carcinoma patients than in infected non-carcinoma patients, and also more common in H. pylori-negative carcinoma patients than in uninfected non-carcinoma patients, it is very possible that IM may be a marker for an increased gastric carcinoma risk in H. pyloriinfected as well as uninfected subjects.
Increased cell proliferation has been identified as an underlying mechanism for increased mutagenesis, and possibly initiates carcinogenesis (Ames and Gold, 1990; Eidt et al, 1995) ; it has also been thought to be a consequence of chronic H. pylori infection (Cahill et al, 1994; Correa et al, 1994) . As measuring mucosal proliferation is complicated and time-consuming, replacement of the surface epithelium by regenerative epithelium (RE) can be assessed instead, because this parameter is closely correlated with the grade of epithelial proliferation (Stolte et al, 1995) . In the present study, the presence of high-grade RE was found to be significantly higher in the corpus of gastric carcinoma patients, and the factor calculated for the associated relative risk for gastric carcinoma, namely 13, was the highest of all the parameters we investigated.
Of further importance for the pathogenesis of gastric cancer may be the fact that neutrophils that produce excessive amounts of reactive oxygen metabolites penetrate the epithelium at the bottom of the gastric pits and preferentially cluster in the regions where the stem cells are located (Davies et al, 1994) . The activity of gastritis, which is a measure of neutrophil infiltration, was also significantly higher in the corpus mucosa of carcinoma patients in the present study, and a relative risk for gastric carcinoma of 5.3 was calculated.
Our data suggest that assessing the grade of gastritis in the corpus, the grade of activity in the corpus and the grade of regenerative epithelium in the corpus may be a valuable tool for identifying patients carrying an increased gastric carcinoma risk. In no other subgroup of H. pylori-infected patients, with the exception Figure 1A -D Comparison between grades of lymphocyte/plasma cell formation, neutrophil infiltration, regenerative epithelium and frequency of lymphoid follicles in the corpus mucosa of the 50 H. pylori-positive gastric carcinoma patients with regard to both histological subtypes (intest, intestinal; diff, diffuse) and controls. The statistical difference between the medians was calculated using the chi-square test. NS, not significant (P . 0.05). 0, P < 0.01 of some gastric ulcer patients, is H. pylori gastritis expressed in this particular manner (Meining et al, 1997) . One might argue that a more severe expression of gastritis may be a consequence of advanced gastric carcinoma rather than a precursor condition; however, more than half of the tumours were found at lower stages, i.e. TI or T2 (Table 1) , and the biopsy specimens for grading of gastritis were taken a considerable distance away from the tumour. Furthermore, in a previous study of our group highgrade corpus gastritis was also found in 117 patients with early gastric cancer (stage Tl) (Meining et al, 1998) . Therefore, it appears more likely to us that severe corpus gastritis may precede gastric cancer rather than being a consequence of it. Severe corpus gastritis may be associated with impaired acid secretion capacity (Lee et al, 1995; Oi, 1995) , and with focal atrophy and IM. In contrast, duodenal ulcer patients who have a very low gastric cancer risk (Hansson et al, 1996) show an antrum-predominant gastritis and have a higher gastric acid output (Lee et al, 1995) . The differences in acid seceretion capacities and thus the type and extent of gastritis may be determined by the fundic-pyloric border as suggested by Oi (1995) . One might therefore speculate that this most likely inherited factor may determine the expression of H. pylori gastritis before the development of gastric cancer.
In conclusion, our data suggest that high-grade gastritis or activity and high-grade expression of regenerative epithelium in the corpus mucosa may be associated with an increased risk for the development of gastric carcinoma. As these gastritis characteristics are expressed as high grade in only a small percentage of H. pylori-infected persons, they might serve as criteria for identifying patients for preventive treatment of H. pylori infection.
